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omo (m&tii&mm (d^^^-v-o^-i . 5 

e V W±f $ 5 ^ fc b fc ft fij* b 1 5& s 



1**33] buIBHOMO (Sl^Md&Wit) ©:x*;u 10 
=¥— U^;i/*s-7. 5 e VJ^LtT-ifc h'J7x 

5$ (I) T-S?tlSft^t)t, HOMOffii^M-l/ 

(II) T^n^bl^i;, **|g-&l,fct»©T?a5£ 
k ft#$ti:1-3»5t?iM 1 ~ 3 ©^rtlfrfcKB©*** 

#®B, 

Kb 1 1 20 



— A-R'-NC 




30 

(I) (II) 

(-*5S (I) fp. X&M&&m*7jK-§r B R'~R'{±# 

W±*g&©:r 'J B&sR^fcfc*B&©:p 'J -)V 

51- -OH, -COOH, -S0,H V - (C 
H.) .OH (;;T-n|il~l Oft^-To ) > *&tt- 
jtftsC (II) T*^£ti3*ft^-r. fSU R' ~R'©'i> 
* < *» 1 ott-flgif; (ii) T'^SftSSft^-t. ) 

(II) R'ttB&l8W;i:*B&©2ffi© 
3Sr#^atft^1-. Ati:2fl5©*§-&*&jjvr. R'*J;i>* 40 

[ifsRJ.15] miiB-MjC (I) tc^bitS, X#Fe, 
Ru, *fc(i0sJl?-efe5Ci:ftitt®i:-rs«*iS4 

iB«©#iMWMt«sw*. sit &4$k 

[3SBJ3©P*ffl&a&Bj§] 
[0 0 0 1] 

[»iH©«1-*tt«fl»] #S§BJfcfc, &JMMb4b4iWt 50 



*ft*^fc3fc«a»MHtBfcH-r«. 
[0 0 0 2] 

[^3t5©ft*] ft5jam©««cj:sjiii«ai»fb^ a 
p©tfiot#d^^;u^-iis©JiAii, AScstc 

<, **J6t*a?£ST» % %«©9R%&f!rft % ASft^tr 
^T©^fj©3i^;u^-Sk^oTtfco M 
T?ip^*S^Jffft^b!&v^ D— 

[0003] xmnmmoytmmijttmt btyu 

Sk ^^ffix T€r;i/7T^©^U3> J ?>, CuInS 

e, G a A s , C d stzif<Dfc&m*mto-&mm£ixx 
^ne.©^t**^ftffiv%fe*Bistfett, 10% 
2 o%kjt«ia<jigsv'«ji^.;i/^— ^ifejgj^ft^-rfc 

»s i@Pi*ffl©S^ J f'Sl^ffl/J\Mm^§§©MB!3a<3%m 
igkbT^Mb^tiTV^o b*>b&#£, ISfcjfr'* 

fe iKEitm&m* ttts3^s«©»b ft witr & i: 

©fc-ft£©^4M>&ft^fe*|gBrfett, 

C VD^SfiiejlJsSirD-lr^Ct 5«Jfi*nT* 

cd, as, s eteiz<Dmmi£%mi&&m 

ftX{ib4»fe«tV^^ft^T*i!3 % *?©0S*fc,fcs 

[0 0 0 4] i©»^ft«??*1-i,^ffii:bTs 
(3fcM»fc«t?)^Y';TAs^$ns##«:) SJ$¥f?S 
Mi©#If*S S#S£Wb^£jfoftfiJ/B b;fe3fcSStfb 

*^*©^b^*>a»cm#ftBssrr£k, 

i:©P^t^*^*s^n«cii:ft^mbfe (A. Fuji 
shim, K. Honda, Nature, 238, 3 
7 (1 9 7 2)). 

[0 0 0 5] £©A3&3fe«ftfb^W£x.*;^-£ifc 
»kUT©Sffli(«J«^f7J*4**ftlB*f S*©T?* 

!?> b^b&As^^-fb^-^^tt^eoy^^h- 

^-y7#3. 0 eVkA#<, *B3fc©r<-as©JR 
^©*b*»iftIfflT?*r»*©*^3fe-«Si3i*;U*- 

[0 0 0 6] f^t^g^^F^ty/^tSifb 
t»*^©^@CW*l6Sf5fti!S3i$#TJt^#5Cli: 
J^ttW^ilTV^* (H. Tsubomura, Bui 
1. Chem. Soc. Jap. , 5 0, 2 5 3 3 (1 
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977) o m&&mt{.-ci'T=->&m j p*cy>7 L >& 

ft*&£CD#Wfi*^ HJ* (2, 2*-lfbf';y;i/) 
(II) *gte&£©#^Jg&tt£i!Kj&;*-e 

3»&#ST-fc£Ch#*nii>ftT^-5 (T. Osa, M. 
Fjihira, Nature, 264, 349 (19 
76) , Brian 0' Regan, Michael 

Grtzel, Nature, 353, 736 (19 
91), WBB¥1 - 2 2 0 3 8 0*£*M?) . 

^b^vSteflJ+Scfc^aMKafftTV^S 

- 2 2 0 3 8 0 ^-Skm.) o Sfcs ii«6JR©iR»afflES 

fc^Oct a &&jB^bi&£Aiw*fcfis«*3:*as#st3is 

£*ITV>£ (WPW 1 1 - 1 4 4 7 7 2^&|R) . 

[0007] b*>b&#e>, ±ia©*acSfl!o"c**B*i 

£S#t£ftT^&^©* s gi#T-;fc3o 20 
[0 0 0 8] 

[0 0 0 9] 

fc±!)fP*;SftS. BP*>, 43B01tiU 30 

ci] &mmitm*mmtm^ &m#*tKOMo 

±T-fc3#^fc* J iKl&bfcj@#?£fi}#bT&S;i£:£ 

[0 0 10] [2] mUBfeSR^^x ;i^-*A h <JJ* 
Key ^;i/«ftftMi> *> b < n^Atrxbrtr'j 
S?;Htft^b^»"C»SCi:ft«f«i:-f4giiK [1] £B3 

[0 0 11] [3] SulBHOMO (*jfttt£tKtt) ©^ 
*;i/3f— W^;i/*s-7. 5 e VJW±T'&3#^#> h'J 40 

sisak-raiiiFE [i] xt* [2] ceto^fM 

[0012] [ 4 ] UfffiBfl^i^ S^^-^i: bTTIB 
—MS (I) T-THZnzik&fak. HOMOOi^;^ 
-l/^;i/#-7. 5 eVW±ffe5^i:bTTI3-ftS: 
S (I I) Twsn*<b-&«i:. iflB^Ufcfcanf** 

ckfcwatk-rsiigB [1] ~ [3] ©v^n*fciB* 

[0013] 50 



Mb 2] 




— A-R 7 -N<J 



(I) (ID 

[0 0 14] (-«5S (I) *K Xtt»^fl|*^f. 

HtfesKv^{±*B^©TU-;i/S, gg|iS^fcJ:*B 
&©T'J-;i/2t-*J<"«> -OH, -CO OH, -so. 
H, - (CH>) . OH (iCT-nli 1 ~ 1 0 *m 
-t. ) , *fctt-»SC (II) T-^£ft£«£^-!h> (a 
U R'~R'©'J>&<fcfc lott-ttS (ID t'TT^ 
tiZMZm-fo ) 

[0015] (-«SC (ID 4", R' (iB&SfcW;** 
B&©2<l©^#®=*£SVfo Afcfc2<ffi©J£-S-»£^ 
1-„ R'fc'ilFR'tt, B8Uftv^ti:*B&<Z>2r«tfU£&3% 
-To ) 

[0 0 16] [5] mtB-M& (I) fc*5tt*» X#F 
e s Ru, afcttOsH^-CfcSifcftttftfct-aiMB 

[4] ctBtt<z»fci&*9{*«s-?&«. 

[0 0 17] [6] 'J>&<i:*>, mita [1] ~ [5] © 
[0 0 18] 

ffcBBfcJ:, ^JBIKb^Slttilfflfc, fit^tHOM 
O (SiSa^fia) fflai^Wf-l^A^-T. 5eV 

#»W©#*IMIW*«Btt\ &ja&<b%£3lf* 
©<fc5£#;L£*xSo -««C, 3tt«XiMSB (00*. tf 

©*fl^#?fcfi*#?i:lg-&3*fejB4^?fcJ:!K ± 




( 4 ) 



A£;Jx£:xm^ hnvon-^ b7^77- KJ;-5W 
[0 0 19] «W3(**flJlWH*fcLtt» «i«ft*/8fc 

^a^tf^ftSo £ ft 6 )]/9--i>J* v U^tf 20 

[0 0 2 0] jB^*tJ*«f«©«M6tt^tts HOM 
O (SiBfetSfljl) ffl:n*;i,3f— 5eV 

«±T?*3i^ £?£L<«:-7. 4 0. 3eV-efe 

*K «k?)»*b<B:-7. 4 4. 0eVT*&3. C 

©HOMO (SiSlffiiSflit) (D^*)\s*c—V<)VbK - 
7. 5eV*Iffe5i:, ig^#S£&S!M££#5 C 
#T-£&V><> 30 

[0021] m&¥&\ir%®fc<Dmtmft=?h&, m& 
©*§i^ gmtttf^T-- v a h 'J * tr t: y y ;ntwb 



^PhrSfl 2002-100417 
6 

ttHwi*iHOMo<oi*/i/*-i/'vn±, ^mm. 

[0 0 2 2] CiT\ HOMOfflx^M-KM, 

*^t*3V>TH:, Itff)^*©!WSi:tt^afflffi©lK^ 
aMHR*£LANL2DZfcffl^fe#l£l*ttfe 
Hartree-Fock (HF) ff# (G au s s i 
an9 4Ms'^-i? (Gaussisn, Inc. ) C 
I3«) C«fc5#»&ftfc«fcjjVr. d©H-»*i*tt. IE 

fi!S-rSE«*31lfcTJfet), A.irtf, N. S. *Xh7>P 
« rfrb^a^b^j (jRwA^ffiKStt) *3*&i:» 

l*iVUlf|iW5*SMart ree-F 
ock (HF) H-HW&T-ifca. 
[0 0 2 3] jB^:&t?Stt£<D«MBe&?& bTfct> 
HOMO©^^;i/^f-^^;i/AS- 7 . 5eVtt±f*tl 

fcfv^fcs4)©T-fc*fc>&v^ ^mm^mc 

30 ; t K5 V Wb£« ; h'J7 * >m<b£- 

fte>©*-C-*K hU7:t=^:^>*£ft#?rt«M:J# 
[0 0 2 4] felT> j^?*tt*#«©*Mltt#?©* 

mtPilC* HOMOOx^M-l/^;i/fe^t„ 
[0 0 2 5] 
[Yb3] 
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R 




CH 3 


-CH 2 OH 


-7.2424eV 


-OH 


-7.1079aV 


-C 2 H 4 COOH 


-7.1863eV 


-0-° h 


-7J3S0SaV 




-72595aV 


HOChfe CH 3 


-73392oV 




-e.91011eV 



[0 0 2 6] mfr^t UT, H&l$£fci> 

TT§a-*g!5S; (i) TwsnsYb^ftks homo©x 

IB-flaS (II) T-^^nSft^hs A^-^bfe*© 

sfiiiit:*»o«at:»jiu5s«jfti*»6»*bv^ c©<b 
^i±s -fb^{c§t)«)T^T-ife?3, i*«&MMb 

[0 0 2 7] 
Mb 4] 

R 1 

5 




— a-r 7 -n; 



-R 8 
"R 9 



20 



30 



40 



(I) (ID 

[0028] -naa; ( i ) n»» xtta^&Ms^f . r 

©7'J-;i/^->«v -OH, -COOH, -so 

• H, - (CH,),OH (CC-Cnttl~10*w 50 



-r„ ) , *fett-)ass (id T?>i*sftsasfcj5*-r. fl 

U R 1 ~R' ©'J>&< fct» lott-flSiC (ID 

[0 0 2 9] — «A (I) XfcfcF e, Ru, Sfefct 

©«j&i»&*f*bv\, R 1 ~R' ©'>&< fcfc l-?tt—tt 
(I I) T'm£tiZ&&7Ti-ttK -enw^oM, ?Jc 
-cooh, -ch,oh^u 

Mo*©'J>fc < t» 1 ott- C 0 0 H^^1-d 
bV>. 

[0 0 3 0] ( I I ) f > R' ttW*J*V*tt*« 

&©2<ffi©5£»BKS (0l*.ttl, 4-y^-U>m, 
1, 3 -7^-1/ 1, 4-^-7f t l/>at. 4, 

4' -tf7^^ix>a^) &^-r. At* 2 

^7i-M, 4-if;i/7i-;bS^ 3,4' -SM 

^7iziH 1-^-7^-;^ l-K7ir;H, p 
-?;i'7i-;i/-i-'f;H§) ) ^^-^o 

[0 0 3 1 ] -flS^ (ID 4>v R'ttl , 4-7ir 
b>fi, 1, 3-7I-VVS, 1, 4-^-7^-V> 
4, 4' -V7 3L-l/>&&7jktZ£i)W$.^. 
Afcfc- (CH,),- - (CH,),0- - (CH,) . 
0 (CH,).- - (CH,) .COO (CHi) ■ — , - 

(CH,) . COC (CH, ) .- (CCTf* mfiVntt& 
❖a^fc l~4®SIS*^-r) t#a?£b^„ 
R'JSiVR'li, 7xr;H, 3 -* ^)Vy iz;H, 
4 -/fJV7i-;H, 4 -ifJl.7i-;H s 3, 
4' -7^Jl/7i;M, 3 -A 
4-^h + j'7izM > i-^-7^-;i/S> i-K7i 
p-r;i/7i-ji/- l -fM^^tcttfiif 




9 

[0032] bit, m&¥<Dm#.m 1 ~ 4 ) t 

[0 0 3 3] 



[it 5] 




[0 0 3 4] 
[<b6] 




[0 0 3 5] ^JSH<b«3*^i: bT<i, Kfls?-* >, 

30 a, ^b-^-T', ^^>^hD>^>>A^As^{/e,n 

[0 0 3 6] *»9303fc*»»«afc*Jl , >Ttt, 

bv^ mx.a> mfrttmmzmMZK, m®mwz& 




( 7 ) 



m-f^n^H 1 , IttN, N-^^^-;i/7f:;i/AT5. 

©T4K3R»«tx £fefct^*^-;K 

««Bu e*©*»EK:«fc &*rf •5-k£<fc>> 

£43V>T, i^5ISf$t5i:li, &JB®fbf3^#: 10 
k, ^««fb«S*«Mt±C, IttCti^tS^i:^ 
[0 0 3 7] JSJL±©«tatbT»6nfe*»i§©*«f*: 

m& man. (a*. 

i: b t *FjS C ffiffl -T 3 c i: * S . 
[0 0 3 8] OttMEUtSK) 

[0 0 3 9] *^l©)l5lMItt, 'J>&< kfc> bu 
#BHB©#«g&gBfct, *SSrfe*:^©«^©^S^il 20 

h*— S*«*^©»8i:&*. -n?>> 
£&®SL& V*f ftm® e. & 5 -tt©«ffi©'J>& < i: *> 
tilE*^©^*****"?**. #26 

i»©#s&ifc&efct, *©*& BwcisbTaeaiRb 

[0 0 4 0] *f5H8©3te«*»««C*V%Ttt, 3£ft« 30 

««##*fiw©3te*^«B"efc*»*x ^vMfamm 

tLXlt, »b:8£lHB7GE**bT££&*>©T?*ft« 
*lt£Pg^£*l£*>©T-fc}:&<> BftCf&bT&Jcn©*)© 

iv^ttl T0#^*, *1t#5;*&i:-©j2B.g®gB&i;-A> 

[0041] ^.%m<D^tmmm.m.^^x\^ is^ 
-»©w*a«^i6ici««i- ft******-*-** 1 , 

«U gift. &R&<bft«©*tttttt 

[0 0 4 2] #$8iP3©ite«£»S&«C;l3V^ JfeftSMb 
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^*Mffl©lg-&, BulB-*r©S®lcg!84LTft£fi 

iWfc i/TBu « c»jiRttft < aM^-rs c k#-e 
7^;u7 , > ; E-^A«:if©JfiJS> Tk^b^-K'J^A, 

V>A-jK*-b3&if©#f*»«***ffiffl-rSi4:* t 

ca^ft* U ^A^p >&if©W2»BtJ£$ 
Yb«75K^ft^-r*H ? y^^fflft«»K**fc»anU 

[0 0 4 3] *»W©*«*«««K:*V>Ttt, 

nfc-*r©«Bftm»K**tfK««s*s §a-*f©m 
<&©'>& < t b-mzftzmMi- & z. t c «t 5 ^*xtfe 

liirffi#»ra©3fe#^««T*fcS£fc#if*bv>. Ute 
ftKtts #«W©3fe¥#tt«ttfc»|q|«ffl4:*SI 
B«*H**&fc«»-r4. *C2|K»fl8©3fc*«(*«a 
|C % 0d;U£3 0 0~8 5 0 nm©SI«©|fi)tv £fc 

[0044] *ftm<Dftm$mmn&, H9ia**w©* 
* ;u * iSSb* k * ;i> =f- fc * c k * s w 

[0 0 4 5] 

PS■r■5^)©T*{i^£v^o 

[0 0 4 6] — ^jEftftl Wb^fl 1 ©-&J5K) - 
T83Yb^l5 (1. lg) *5<tVTi3<b-&«K)6 (2. 7 
g) N' - J?^f;i/*M7? K 5 0 0ml tC^ 

^Pb, gfaiT^ J^l 5 0-C-C9RfiaUl«s*«»fc. 

SO, 7th>fi5t^ *fc*LT*»fe©<b-&«l (3 
0 0 mg : S«it2S© 1 6 %) <&?#fco <b-&« 1 

£ 43 S fefiifl-? fc 5^©H0M0i^;i/Jf- 
U^l/— 7 . 1 8 6 3 e VT-afeofc 

[0 0 4 7] 

MS 7] 




[0 0 4 8] {mi&m 1) ^^Yf-^^Wcr V7" 
Dt;i/2 5mlS, 16* 15 0ml 1 . 5 4 g 

(Jt«: 1.3 8) fcfrfeHaUfciS**^ IK« 

■CCJfiU PWUE-e8WHBH«»*il»', ?LSfe©$« 

3 OmmHgCiET3 O^CC- 4 0 m 1 £T*ift*§Lfco 
[0 0 4 9] #6nfeMf^>30-f FMSITO 
ptf^^»S±t^tr>3— 5 0 

O'CT- lBtfffl&Elcbfe. 3 BSitJiSU Biff 30 

[0 0 5 0] % e,tifc8Hb5^>J8i£ffi&bfelTO# 
7^i«, ±B*«we»6iifc'fb6«i doom 

g) — ;i/5 OmlKiSibfeSttSSU ft) 

7 O'CT* 1 2«f|H*Q»b&«s ^y-^l/T-ift&U g 

[0051] *®«, >m<D^.m^nx^t^ 

ITOK±CU-m*S8»U **HISM3<fcVJ-F 40 
*fc©«§HW*#*^»K***U Blew-*"* 5 
b&. *ft9t)t> Hlt^t-** 
#f*Ml& *7^Itt2±i:, IT OB 3, BMbf- 
^>JB4, *S«tWb-&« (No. II-12)Ofi*i 
5 bTfctK £*ie>©*JBffl©*IWM3«fctf , J 

- K«7 i:<Ofii«8»ttllSMa 6 t bt 

[0 0 5 2] f#£nfc;ft*2&{**&£fflV\ BI2tC^f 
J;3ttM6«iEiM3B*f1MHbfc. 2t*1"* 50 



«e«s mmnmmi is»febfe2i^^n3if 

CgS^tfe, tilStl lilbTttO. lM-« 
i-hU^A/0. 0 2M-3^-fb* V ^Azkig^SfflV* 

[0 0 5 3] ttlci^MbfcMMIt^i 1 
t, «rBft*^««©«tt##B««fc*r bt 0 Vic 
fcS«fc5fc#J#bT\ flfi* (5 0 0W©*Hry>7> 
^ N jgsjg4 0 0 (lux) ) , :fc<kTM 5 On 

mfflljifeft (lmW/cm 1 ) -tn-€lx3fc*aM*;« 
H©SfJl«tt)PWbs d ©^©^SM©** > ^> 3 
«y ht«tt)i««bfe. *&lKflHI (h) afiflUBIitt 
©#S«©ttfc8!l5£b;fco ^©{811^***1 t^b 

[0 0 5 4] (HffiBftl 2 ) Hffi60!l 1 ^C4b'V^T, 1 
fcft*.T-fb#»3 (fi^ft^tS^fCHOMO 

V*;i/-7. 1 8 6 3eV) 
ii> £SB0i 1 i: H« C b t <k 

[0055] (*bs^j 3 ) mmm 1 £*^t\ 1 

fcfW.T-fb£«l4 (e^t^tS^CHOMO 
ai^^-V^W- 6 . 9 1 0 1 1 e V) £fflV>;fcJiW 

1 t^bfco 

[0 0 5 6] (Jfcttfll 1 ) 1 fc*V^ SHb^* 



( 9 ) 
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15 

[0 0 5 7] (Jttfcfcl 2 ) HJfi^J 1 ££V>T , it&m 1 
Cftith'J^ C (2, 2-KK»JS>*) -4, 4'- 



16 

[0 0 5 8] 
[HI] 



l(c^ 





HOMOX^JU^— 


an 


afiJtiUMM(1h)ft 




450nm 




450nm 


*fcffi1 


-7.2424bV 


1 7.BmA 


9.1 m A 


13.1m A 


6.2 m A 




-7.1883»V 


1 7.1 j* A 


8.8 m A 


14.5 m A 


8.7 m A 


S1E«3 


-6.91011bV 


14.5m A 


6.2mA 


11.0mA 


4.6 m A 


JtttflJi 




4.2 u A 


0.0m A 


3.9 m A 


0.0 m A 


ttK«2 




14.8m A 


5.2mA 


91 M A 


2.9 m A 



[0059] ztizmmmfr*. &Mmtom*mm>tt 

[0 0 6 0] fiLh, #»iil§t:J:ft«* % (mi£*» 

[m®©ffi#^uiH^] 

[0 1 ] fEK0!k:*v>T^« b&**»»«a©«JS 
[02] ^ME&^Tf£Sb&3fettKa&B®tt£ 



IT01 



i 

2 
3 
4 

20 5 
6 
7 
8 
9 

1 0 0mmm 

1 1 mmmmm 

1 2 ^7=->^>3^^ v h 

1 3 mwx^x-bjv 



[HI] 



[02] 



br 
b 



RE 



CE 



WE 

1/T 



10 

b 1 



r9 iV 1 



-12 



11 
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7P> b^— *J<bWi% 

/79^bb« Hin mt* F*-A(##> 5F051AA14 

(IZmm^ UJP ft „ 9 AAfiR A n 1fi CC14 EE0 6 EE16 



